



AB-2-2-15— Heat 


The student will: 


OBJECTIVES 


1. Define heat, (l) 

2. Select the definition of tmperature. (2) 

5. List six Bources of heat. (4-10) 

4. Match units of heat measurement with their definitions. (12-15) 

5. Label the temperatures of the boiling, freezing, and absolute-zero 
points on a Fahrenheit thenuometer scale. (22) 

6. Label the temperatures of the boiling, freezing, and absolute-zero 
points on a centigrade thermcmeter scale. (25) 

7. Label the tenrperatures of the boiling, freezing, and absolute-zero 
points on a Kelvin thermcmeter scale. (25) 

8. Convert a Fahrenheit ten:5>erature to its equivalent centigrade 
temperature. (27) 

9. Conve3rt a centigrade temperature to its equivalent Fsdirenhelt 
tffloperature. (50) 

10. Match the terms ''conduction,*' ''convection,'' and ''radiation'' 
with their definitions. (59"4l) 

U. Select the definition of heat capacity. (42) 

12. Define specific heat. (44) 

15- Solve for the amount of heat needed to produce a given temperature 
change in a quantity of water. (46) 

14. Define coefficient of linear expansion. (64) 

16. Select the definition of coefficient of volume expansion. (SS) 


l6. Label the changes of state of matter indicated on a block 
diagram. ( 57 ) 

17* Select the definition of equllibriimi vapor presBure. (59) 


SUGGESTED READING TIME 75 MINUTES 
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HSAI iB defined as thermal energy in the PROCESS OF 
TRAHBfER between an object and ita surroundlnga ae a 
reault of temperature difference. According to the 
kinetic theory of matter, the individual moleculea, of 
which all matter is made, are in a state of rapid 
motion. Each molecule in a bodii poBBesses a certain 
amount of heat that causes motion. This molecular 
motion is called thermal energy. As a body is heated, 
the amount of thermal energy is increased; as a body 
is cooled, the amount of thermal energy is decreased. 
An object which has a high level of thermal energy can 
readily transfer that energy to an object with a lower 
level of thermal energy. 


Heat is 


energy in the process of 

between an object and its surroundings 


as a result of temperature difference. 


thermal 


transfer 


Heat and temperature, although not the same thing, are 
related. Heat is thermal energy in the process of 
transfer between a body and Its surroundlnga as a 
result of a temperature difference. TB4PKRAIURE is a 
measure of the ability of a material to give up beat 
to, or absorb heat from, other materials. The greater 
the amount of thermal energy that an object possesses, 
the greater is its ability to transfer that energy, 


give up 
absorb 


2 . (Continued) 

and, consequently, the higher is its temperature. 

Temperature is a measure of the ability of a material 

to 

heat from, other materials. 


5. Select the definition of heat. 

a. Heat is thermal energy in the process of transfer 
between an c5bject and its surroundings as a result 
of temperature difference. 

b. Heat is kinetic energy in the process of 
temperature equalization between an object and its 
surroundings. 

c. Heat is a measure of the ability of a material to 
give up heat to, or absorb heat from, other 
materlsile . 

d. Heat is the molecular motion, or the thermal 
energy, of a material. 


4. Because heat is a form of energy, most heat sources 
are methods of converting other forms of energy into 
heat. 


The six most impoirbeint sources of heat are; 

(1) The sun. 

(2) The earth's interior. 

(3) Chemical action. 

(*)•) Mechanical energy. 

(5) Electric energy. 

(6) Nuclear energy. 
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4. (Continued) 


converting 

heat 


sun 


Most heat sovtrces are methods of 
forms of energy into 


other 


5 . 


The SUN is the most Important of all heat sources. 
ELther directly or indirectly, nearly all forms of 
heat may be traced to the sun. The heat frcm the sun 
provides an environment suitable for human habitation. 
The conversion of solar energy into electrical energy 
is likely to be the basis upon which the pollution- 
free society of the future will be founded. 

The most laiportant source of heat is the 


6 . 


The EARTH'S DWERIOR is another source of heat. Two 
examples of heat from the earth* s interior are molten 
lava from volcanoes and the boiling water from 
geysers. 


Two common sources of heat are the 
the 


and 
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sun 

earth' a 
Interior 


earth' s 
Interior 

obanloal 

aotlcm 


7, When a material ia burned, it reacts chemically vlth 
oxygon to produce heat. The production of heat by 
CHSMICAL ACTION is probably the most frequently used 
source of heat over which man has control. Burning 
of fuels such as gas, oil, coal, and wood axe prime 
examples of heat produced by chemical action. Another 
good example is the bodily function of food 
conversion. Oxygon unites chemically with food 
substances inside the body and provides heat to 
maintain the body temperature. 

Three coaaon sources of heat 80*6 the sun, the 
, and 


8 . MBCHAKICAL ENERGY is another source of heat. The 
energy that is used to overoano friction appears eis 
heat. For example, when an autcxnobile brake is used 
to slow the motion of an autcmobtle, a sufficient 
amount of heat is generated to cause the external 
housing of the breG^ mechanism to becone hot to the 
touch. 

List four sources of heat. 

( 1 ) 

( 2 ) 

( 5 ) 

W 
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Sun. 


9* ELECTRIC ENERGY is another coomon source of heat. 


Earth' a Heat is produced frcm electric energy by a resiatarkoe 

interior. 

to current flew. Electric irons, toasters, ovens, 

Chemical 

action. and heaters are examples of the use of electric energy 

Mechanical as a source of heat, 

energy. 

List five sources of heat. 

( 1 ) 

( 2 ) 

(3) 

W 

(5) 

Sun. 10. Of all the sources of heat, NIXJLEAR ENERGY pramlses to 

I 

Earth's be the most In^Kjrtant source of large amounts of 

interior. ' 

energy. Large quantities of heat are produced by the ' 

Chemical 

action. process of nuclear fission. One kilogram of uranium, 

Mechanical iriien it is utilized in fission reactions, is capable 

energy. 

of producing as much heat as 5,000,000 kilograms of 

Electric 

energy. ooal or 12,000,000 kilograms of oil. 

List six sources of heat. 

( 1 ) 

(3) 

( 1 ^) 

(5) 

( 6 ) 


5 




Sun. 


11 . 


Earth' s 
interior. 

Chemical 

action. 


Mechanical 

energy. 

Electric 

energy. 


Huclear 

energy. 


c 


12 . 


B.t.u. 

cedorle 

Calorie 


13. 


Select the definition of temperature. 

a. Temperature is a measure of the ability of a 
material to generate heat from conteict with 
another material. 

b. Temperature is a meaaure of the absorption or 
radiation of heat by a material over a period of 
time. 

c. Temperature is a measure of the ability of a 
material to give up heat to, or absorb heat from, 
other materials. 

d. Temperature is a meeiaure of the ability of a 
material to contain heat. 


There are three units of heat measurement: 

(1) The British thermal unit (B.t.u.). 

(2) The calorie. 

(3) The Calorie. 

Two of these units, the B.t.u. and the calorie, are 
basic units of measurement. The third unit, the 
Calorie, is treated as a separate unit of meaeurement 
because of its freq,uent usage. 

Three units of heat measurement are the , 

and the 


The British thermal unit (B.t.u.) is the unit of heat 
measurement In the English, or foot-pound-second 
(f 3 ?s), system of measurement. One B.t.u. Is the 
quantity of heat needed to raise the temperature of 
one POUKD of water one Fahrenheit degree. 
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( 1 ) 0 . 

(2) ft. 

0 ) 


15. (Continued) 

Match the units of measurement listed In column A 


vith their definitions in 

A 

____ (l) One B.t.u. a« 


(2) One calorie, h. 


(?) One Calorie, c. 


colunn B. 

B 

The quantity of heat 
needed to raise the 
tonperature of one gram of 
vater one centigrade 
degree. 

The quantity of heat 
needed to raise the 
temperature of one 
kilogram of water one 
centigrade degree. 

Bie quantity of heat 
needed to raise the 
temperature of one pound 
of water one Fahrenheit 

degree. 
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Sun. 

17* Define heat. 

Earth's 


interior. 


Chemioal 


action. 


Mechanical 


energy. 


Electric 


energy. 


Nuclear 


energy. 


Thermal 

id. Match the units of heat measurement in column A with 

energy in the 


process of 

their definitions in oolvnm B. 

transfer 


"between ein 

A B 

object and 


its 

(l) Che B.t.u. a. The quantity of heat 

surroundings 

needed to raise the 

as a result 

temQperaturo of one 

of tempera- 

pound of water one 

ture change. 

Fahrenheit degree. 


(2) One calorie. b. The quant ty of heat 

needed to raise the 
teiatperature of one 
kilograin of water one 
centigrade degree. 

(5) One Cedorie. c. The quant ty of heat 

needed to raise the 
temperature of one gram 
of water one centigrade 
degree. 


9 
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Sun. 


21 . Match the units of heat meaaureoient listed In 


Earth' s 
Interior. 

Chemical 

action. 

Mechanical 

energy. 

Electric 

energy. 

Nuclear 

energy. 


column A vlth their definitions in col umn B. 

A B 

(l) Ctae B.t.u. a. The quantity of heat 

needed to raJLse the 
tenrperature of one 
kilogram of water one 
centigrade degree. 

(2) One calorie. b. The quantity of heat 

needed^ to raise the 
temperature of one 
kilogram of water one 
Fahrenheit degree. 

__ (3) One CaJLorie. 0. The quantity of heat 

needed to raise the 
temperature of one gram 
of water one centigrade 
degree. 

d. The quantity of heat 
needed to raise the 
temperature of one 
pound of water one 
Fahrenheit degree. 

e. The quantity of heat 
needed to raise the 
temperature of one 
pound of water one 
centigrade degree. 


U 



(1) d. 

(2) c. 

(3) a. 


22. Thermanatry ia Ihd meaauronent of teanparature as 

compaxed to a given ataodard. The Fahrenheit aoale 
ia used in the Engliah, or foot-pound-second (fps)^ 
ayatem of meaaureinant. On the Falirenheit scale 
shovn below, the standard used is water with a 
boiling point of 212* F. , a freezing point of 52* F., 
and an ahaolute-zero point of -46o* F. The absolute- 
zero point ia that point at which molecular energy is 
at a minimum. 


Boiling point 

Freezing point 


Absolute-zero 

point 


212* F. 


32* F. 


-460* F. 


Match the reference points listed in ooliann A with 
the corresponding Fahrenheit teorperatures in column B 
A B 


(l) Boiling point. 

as 

0* P. 

(2) Freezing point. 


-32" F. 

(5) Absolute-zero point. 

Os 

-it6o* P 


d. 

212* P. 


6# 

32* P. 
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( 1 ) 

( 2 ) 

(5) 


d. 


9 « 


c* 


23. 


The centigrade scale (also called the Celsius scale) > 
abbreviated C. > uses water as Its standard with A 
boiling point of 100® C., a freeslng point of 0* C., 
and an absolute-zero point of - 273 “ C., as shoim 
below. 


Boiling point 


Freezing point 


hbeolute-zero 

point 



100“ C. 

0“ C. 

-273“ C. 


Match the referenhe points listed la column A with 
the ooirespoDdlng centigrade tenperatures In 
column B. 


A 


B 

(l) Bolling point. 

a. 

0 ® c. 

(b) Freezing point. 

be 

273“ c. 

(3) Absolute-saro point. 

c* 

100® C. 


de 

-100® C. 


e# 

1 

• 

O 

• 
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( 1 ) 0 . 

(2) a. 

(3) e. 


24. Label the tanperaturea of the boiling, freeeing, and 
abiolute-zero points on the ?ahrenh 0 it thenaometer 
belcv. 


Bolling poljit 


r\ 





a. 


F. 


Freezing point 


Abeolute-zero 

point 



F. 


P. 


a. 


b. 


o. 


212 


126. 


32 * 

“4€o* 


The Kelvin soale la baaed on a reference of ABSCtil/TE 
ZERO and la generally used for aclentlflo meaaure- 
menta. The Kelvin degree and the centigrade degree 
are the aaxM unit of measurement. The major 
difference between these two scales la the point of 
zero reference. 


The zero point on the Kalrln scale ( 0* K. ) is absolute 


aero. 
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26. (Continued) 


Aa shewn belcw, water freezes at 273“ K. and boils at 
375“ K. 


Boiling point 



373® K. 


Freezing point 


Absolute-zero 

point 


273® K. 

0° K. 


The RanMne scale has the same relationship to the 
Fahrenheit scale that the Kelvin scale has to the 
centigrade scale. The Ranklne degree and the Fahren- 
heit degree are the same unit of measurement. The 
difference between these two scales is the point of 
zero reference. 


Match the reference points listed in column A with 
the corresponding Kelvin temperatures in colimm B. 



A 


B 


(1) 

Bolling point. 

a* 

0" K. 


(2) 

Freezing point. 

be 

-275“ 

K. 

(3) 

Absolute-zero point. 

Oe 

275“ 

K. 



de 

375“ 

K. 



e. 

-52“ 

K. 
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(1) d. 

(2) c. 

(3) a. 


26, Label the temperatures of the boiling, freezing, and 
absolute-zero points on the centigrade thermcmeter 
below. 


Bcdllng point 

Freezing point 

Absolute-zero 

point 
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To convert a Fahrenheit temperature reading to a 


centigrade temperature^ the following formula la 
used: 

Tc “ (Tp - 32) 

where T ■ the centigrade temperature 

c 

■ the Fahrenheit temperature 

To convert a temperature of 47“ F. to an equivalent 
centigrade temperature, the following procedure is 
used; 


(Tp - 52) 

Substitute; Tq - (47" 52) 

Simplify: T^, - (15) 

Tc ” 


Multiply: 


8.33“ C. 



?.?..22'" C. 


27. (Continued.) 

Convert 72° T> to the equivalent centigrade 
temperature. 


28. Label the teoperatures of the boiling, freezing, and 
absolute-zero polnta on the Kelvin thermcmeter 
below. 


Boiling point 


Freezing point 


a. 


K. 


b. 


K. 


Waeoljute-zero 

point 


c. 


K. 
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a. 212* 30. The convaralon froa a cantlgrade tanperatore to an 

"b. 52* equivalent Fahrenheit temperature le acccanpllsbed by 

c. -Wo* virtually the seme process as the conversion from a 

Fahrenheit to a cantlgrade temperature* 

Tc - ^ (T, - 52) 

Therefore, 

Tir - Tc + 32 

where Tp. ■ the Fahrenheit temperature 

Tq ■ the centigrade tanperatore 

To convert a temperature of 16® C. to an equivalent 
Fahrenheit temperature, the following procedure is 
used: 

Ty - -2- Tc + 32 

Substitute: ^ (15) + 52 

Multiply: Tp «» 27 + 32 

Add: Tp « 59* F. 

20 


30. (Continued) 

Convert 50“ C. to the eq,ulval*nt Fahrenheit 
temperature. 



31. Which of the following centigrade tonperatureB is 
equivalent to 45“ F. ? 

a. 138.6“ C. 

b. 7.2“ C. 

c. 23.4“ C. 

d. 42.7“ C- 
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Label the temperatures of the boiling, freezing, and 
abBoliite“zero points on the centigrade therraoineter 
balotf. 

Boiling point 

Freazing point 

Abeolvtbe-zero 
point 


Which of the following Fahrenheit temperaturaa is 
equivalent to lO® C.? 

a. P. 

b. 122* F. 

c. 50" P. 

d. -14" P. 
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Convert the following Fahrenheit temperature readings 
to equivalent centigrade temperatures. 

a. 4l“ F. ■ 

b. 77“ F. - C. 

c. 5“ P. =. C. 
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24 



25 




a. 

19*^' 

b. 

131 

c* 

5“ 


59* There are three methods by which heat is transferred 
frcm one location to another or frcei one body tO’ 
another. They are CONDUCTION, CONVECTION, and 


RADIATIOH. 


CONDUCTION Ifl a method of heat distribution by which 
heat is transferred from molecule to molecule. Con- 
duction occurs when one part of a body has a higher 
teD 5 >erature than another part of the body. Heat is 
transferred from the pairt of a body which has the 
higher temperature to the part which has the lower 
temperature until the entire body is at the same 
temperature, aa shewn below. 



Conduction Is the method of heat transfer by which 
heat is transferred from to 
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molAOul« 


4-0. COWKdXOB la the timnsfer of heat by the motion of 


molecule 


motion 

fluid 


a fluid. Ab a fluid la heated. It hecomea less denae 
and rlaea. A cooler fluid la mare denae and falla. 
When natural convection la not rapid enou^ to reaacnre 
Bufflclent heat, fana or pumpa can he uaed to ac- 
celerate the notion of the cooling nedlum, aa 
lUuatrated helov. 



Convection la the tranafer of heat hy the 
of a « 

4l. Radiation la the tranafer of heat by elootrcmagneblo 
wavea. Radiant- heat waves frcm the sun travel at the 
speed of light through the vacuum of outer space eind 
throu^ the earth's atmosphere. While conducted or 
oonvected heat travela by rom«labout ^o^Jte8, 
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4 l. (Continued) 


radiant heat travela In straight lines. Although 
radiant-heat waves travel throvigh a vacuum with 
little difficulty, there are mediums and materials 
through which they cannot pass. When such a material 
is encountered, the reuUant-heat wave is effectively 
cut off by either absorption or reflection. 



Match the methods of heat transfer listed in column A 
with their definitions In column B. 

A B 

a. Transfef of heat from 
molecule to molecule, 

b. Transfer of heat by 
motion of a fluid. 

0. Transfer of heat by i 

electron flow. 

d. Transfer of heat by 
eleotrotaagnetlc waves. 

e. Transfer of heat by 
mechanical motion. 


(1) Conduction. 

(2) Convection. 
(5) Radiation, 
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(1) a. 

(2) b. 

(5) d. 


42. The HEAT CAPACITY of a material is the quantity of 
heat needed to raise its ten^perature one degree. 

Two materialfl, equal in weight and at the flame 
temi)erature, will abeorb or give out different 
amounts of heat because of differencea in mass 
between two materials, For example, 5 pounds of 
lead and 5 pounds of iron are heated to a temperature 
of 70 ° C. and then placed on a block of Ice. The 
figure below shows that the iron melts the ice to a 
greater depth. 



The iron has melted more of the loe than the lead 
because the iron has a greater heat capacity than the 
lead. 

The heat capacity of a material is the oi 

"tbat is needed to reiise its tenpebature 

one degree. 
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(1) d. 


44. SPECIFIC HEAT ia the heat capacity of a material per 
unit masa. SpecCflc heat differs from heat capacity 
In that it ia a characteristic of the type of mate- 
rial and does not vary among different samples of a 
material. The values of specific heat for several 
materials ore listed In the chart below. 


MATERIAL 

SPECIFIC HEAT 

Brass 

0.0917 

Copper 

0.0924 

Iron 

0. 1075 

Lead 

0.0505 

Tungsten 

0. 05^2 

VJater 

1.0000 

Ice 

0.5500 

Zinc 

0.0922 


'ITie figures shown above represent the specific heat 
rating for 1 gram of each of the materials. If more 
than 1 cram (unit) of a substance is involved, heat 
capacity is calculated by multiplying the specific 
heat of the substance by the number of units 
involved. 


The heat capacity of a material per unit mass is 



specific 

heat 


45. Select the definition of heat capacity. 

a. The heat capacity of a material ifl the maximum 
amount of heat that a material can contain without 
changing its tomporatiire* 

b. The heat capacity of a material is the maximum 
amount of heat that the material can absorb. 

c. The heat capacity of a material i^ the quantity 
of heat that is needed to raise its tanperature 
one degree. 

^ d. The heat capacity of a material is the quantity 
of heat that is needed to raise the temperature 
of one gram of the material one degree. 


46. When the specific heat of the material is knovm^ the 
quantity of heat necessary to produce a given 
temperature change can be readily calculated by the 
use of the formula 

Q ■ ra c A T 

^ where Q = the quantity of heat 

m “ the mass of weight 
c “ the specific heat 
AT “ the change in temperature 

Specific heat is a constant determined by the 
material. The speciflo heat of WATER Is 1, regard- 
less of which system of measuxeanent (English or 
metric) is used. 
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46. (Continued) 

To solve for the quantity of heat necessary to raise 
the teanparature of 3 pounds of water six Fahrenheit 
degrees, use the formula 
Q ■ m c A T 

- ( 5 ) X (1) X ( 6 ) 
c l8 B.t.u. 

To solve for the quantity of heat necessary to raise 
the teraparatura of 5 grams of water two centigrade 
degrees, use the formula 
Q = ra c A T 

a (5) X (l) X (2) 

- 10 oalories 

To solve for the quantity of heat necessary to raise 
the temperature of 7 kilograms of water one centi- 
grade degree, use the fcmnula 
Q o m o AT 

o (7) X (1) X (1) 

■ 7 Calories 

To raise the temperature of 10 pounds of water one 
Fahrenheit degree would require B.t.u. 
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Uy. Select the definition of specific heat. 


a. The specific heat of a material is the quantity 
of heat needed to raise its temperature one 
degree. 

b. The specific heat of a material is its heat 
capacity per unit mass. 

c. The specific heat of a material is always equal 
to one. 

d. The specific heat of a material is the maximum 
amount of heat that the material can absorb. 


WJ. Match each term in column A with its definition In 
column B. 


A B 


(1) 

Conduction. 


Transfer of heat from 
molecule to molecule. 

(2) 

Convection. 

b. 

Tremsfer of heat by 
eleotrotoagnetic waves 

(5) 

Radiation. 

0. 

Transfer of heat by 
electron flow. 



d. 

Transfer of heat by 
motion of a fluid. 



e. 

Transfer of heat by 
meohanioal motion. 


(1) a. 

(2) d. 

(3) b. 


To raise the temperature of 6 grains of water one 

centigrade degree would require 

calories . 






50. Select the definition of heat capacity. 

a. The heat capacity of a material is the quantity 
of heat that le needed to raise its temperature 
one degree. 

t. The heat capacity of a material is the maximim 
amount of heat that the materieil can contain. 

o. The heat capacity of a materieil is the maximum 
amount of heat that a material cein contain 
without changing its temperature. 

d. The heat capeiclty of a material is the quantity 
of heat that la needed to raise the temperature 
of one gram of the material one degree. 


51. Solve for the quantity of heat needed to produce the 
following temperature changes in water: 
a. Fifty kilogramfl of water 10 centigrade degrees. 


b. Pour pounds of water 15 Fahrenheit degrees. 


c. Twelve grama of water five centigrade degrees. 


a, 500 Cal. 52. Define specific heat. 

b. 60 B.t.u. ' 

0 . 6o cal. 
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The heat 
capacity of a 
material per 
unit mass. 


a. 20 B.t.u. 

b. 50 B.t.u. 

c. 300 cal. 


55. Solve for the quantity of heat needed to produce the 
following temperature changes in water; 

a. Twenty pounds of water one Fahrenheit degree. 

b. Five pounds of water 10 Fahrenheit degrees. 

c. Ten grams of water 30 centigrade degrees. 


5l|-. With few exceptions^ matter expands when heated and 
contracts when cooled. Different materials of the 
same length expand different amounts for the same 
increase in temperature. Linear expansion of matter 
is primarily concerned with solids, since liquids and 
gases have no shapes of their own. The amount of 
change in length of a heated solid can be pre- 
determined by its coefficient of linear expansion. 

The COEFPICIErrr Cf LINEAR EXPANSION is defined as the 
change in unit length of a solid when its temperature 
is changed one degree. 

The change in length of a heated solid is equal to 
the product of its original length, its change in 
temperature, and its coefficient of linear expansion 
(a ). This may be expressed by the formula; 
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54. 


len^h 

toirperaturo 

degree 


55. 


(Continued) 

AL - oL (T - To) 

Coefficient of linear expanaion la defined m the 

change In unit of a aolld when Ita 

- - la chajiged one 


The COEPTICIENr OF VOLUME EXPAIBION la the change in 
a unit of volume per degree of change In temperature. 
For moat aolids^ the coefficient of volume expansion 
Ifl approKimately three times the coefficient of 
linear expaneion. Nearly all gases have approxi- 
mately the same coefficient of volume expansion, 
which la nearly constant except for temperatures near 
the liquefying point. 

The change in the volume of a heated gas is equal to 
the product of ita coefficient of volume expansion 
( 3 ), its original volume, and its change in 
tanperature. This may be expressed by the formula: 

A V - 3 V (T - Tq) 

The coefficient of volume expansion is the change in 
_ per degree of 

change In • 
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unit 

volume 

temperature 


56. Select the definition of coefficient of linear 
expansion. 

a. Coefficient of linear expanfllon is the change In 
the unit volume of a solid per degree of 
temperature change. 


b. Coefficient of linear expansion is the change in 
the unit length of a solid per degree of 
tfflnperature change. 


c. Coefficient of linear expansion is the unit 
length of a solid per degree of temperature. 

d. Coefficient of linear expansion is the unit 
volume of a gaa per degree of temperature. 
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b. 


57. 


Matter can exist In one of three states: gas, 
liquid, or solid. Water is most often used to 
explain the change of state process, but bear in mind 
that any matter will undergo a change of state with a 
sufficient change in tei]5>erature. The diagram below 
illustrates that as water boils, it changes frcan a 
liquid state to a gaseous state (steam) by a process 
known as EVAPCRATIOH. When heat la removed, this 
gas (steam) retxrrna to the liquid by the process of 


COHDErCATIW. 



As heat is r^sovod, water undergoes a change from a 
liquid state to a solid state (ice) by the process 
called BOLIDIFICATION. When heat is added, a solid 
(ice) returns to the liquid state by the process 
known V FUSION, as shown below. 



flnr.TDTPICKriON ^ 


liquid 


SCSLID 


FOSICN 
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57- (Continued) 

Some flolids, when heated> change directly to a gas 
without paiBBlng through the liquid state by means of 
the process of SUBLIMATION. A gas which becomes a 
solid when cooled without going through the liquid 
state undergoes the process of CRYBTALLIZATIOW, as 
shown below. 



SUELlMRinCN 


SCUD 

aafSTAIUZATICN 

GAS 


a. When a liquid changes to a gas^ It undergoes 

evaporationj and when a gas changes to a 
liquid, It undergoes . 

b. The change of a solid to a gas is the process of 

Bubllmatlonj the change of a gas directly to a 
solid is . 

c. The change of a liquid to a solid is 

solidification; the change of a solid to a 
liquid is 
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a. condenaa- 58. Select the definition of coefficient of volume 
tion 

expanelon. I 

h. crystalli- 
zation Coefficient of volume expansion is the change in 

unit length of a solid when its temperature is 

c. fusion changed one degree. 

b. Coefficient of volume expansion is the change in 

a unit voliane per degree of change in tenrperature 

c. Coefficient of volume expansion is the change in 
unit length per unit volume of a solid and is 
independent of changes in tanperature. 

1 d« Coefficient of volume expansion is the total 
change in the volume of a material over the 
average temperature range. 


EQUILIBRIUM VAPOR PRESSURE is the pressure exerted by 
vapor molecules of a substance when evaporation and 
condensation rates are equal. When the vapor of a 
liquid is condensing at the same rate that the liquid 
is evaporating, the liquid is in a state of equilib- 
rium. At equilibrium, no change in the volume of the 
liquid occurs, because for every molecule of liquid 
that changes to a gaseous state there is a vapor 
molecule which changes to the liquid state. If water 
is boiled in an open pan, it evaporates completely in 
a relatively short time. Water can be boiled for 
several hours in a pressure cooker, became the rate 
of condensation aM the rate of evaporation becane 
equal, setting up a state of equilibrium. In a state 
of equilibrium, one additional force, or pressure, is 

exerted upon the surface of a liquid, the pressure 
exerted by vapor molecules as they condense. This 
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65. Select the definition of coefficient of volume 

expanaion. 

a. Coefficient of volume expansion is the change in 
unit length of a solid when its temperature ie 
changed one degree. 

b. Coefficient of volume expansion la the change in 
a unit volume per degree of change in temperature. 

c. Coefficient of volume expanaion la the change in 
unit length per unit volume of a aolid and la 
independent of changes in temperature. 


d. Coefficient of volume expansion is the total 
change in the volume of a material over the 
average temperature range. 


b. 


64. On the block dleigram below, label the changes of 


state. 






a. Evapora- 
tion 

65. 

Select the definition of e<iulllbrlum vapor preesuro* j 


a* 

Equidlbriun vapor pressure is the pressure 

b. Condensa- 



exerted by vapor nwlecules of a subatance when 

tlon 



condensation and evai>oration rates are equal. 

c. Subll- 


b. 

Equilibrium vapor preasure is the total pressure 

inatlcm 



exerted upon the surface of a substance when its 
rata of condensation equals its rate of 

d. CryatalU- 



evaporation. 

sat ion 


c. 

Equilibrium vapor pressure is the algebraic sun 

e. Solidi- 



of the atmospheric preaaure and vapor presaure. 

fication 


d. 

Equilibrium vapor pressure is the total pressure 

f . Fusion 



exerted upon the surface of a substance when it^ 
rate of sublimation and its rate of 
orystalUzation are equal. 

ft e 



You h&Ytt ocaiplotad this progran. 
Review the olajectlvee on page 1. 
If you do not ocnrpletely undar- 
atand an objective, refer to the 
frame/a Indicated In parentbeaea. 
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RBViaf TEST 


AB-2-2-15— Heat 


1. Define heat. 


2. Select the definition of temperature. 

a. Temperature is a measure of the ability of a material to give up 
heat to, or absorb heat from, other aaterials. 

b. Temperature is a measure of the ability of a materieil to contain 
heat. 

c. Temperature is a measure of the absorption or radiation of heat 
by a material over a i)eriod of time. 

d. Temperature is a measure of the ability of a material to generate 
heat fran contact with another material. 


3 . List six sources of heat. 

( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 

(5) 

( 6 ) 


U. Match tha units of heat measurement In column A vith their 
definitions In ooltsun B. 

A B 

(1) One B.t.u. a. The quantity of heat needed to raise 

the temperature of one kilogram of 
vater one centigrade degree. I 

I 

( 2 ) Cftia calorie. b. The quantity of heat needed to raise 1 

the temperature of one pound of water 
one Fahrenheit degree. 

( 3 ) Cue Calorie. 0 . The quantity of heat needed to raise 

the temperature of one gram of water 
one centigrade degree. 

d. The quantity of heat needed to raise 
the temperature of 10 kilograms of 
water one Fahrenheit degree. 

e. The quantity of heat needed to raise the 
tfflirporaturo of one pound of water 10 
centigrade degrees. 

5. Label the temperatures of the boiling, freezing, and absolute-zero 
points on the Fahrenheit thermcmeter below. 


Bolling point 


Freezing point 


Absolute-zero 

point 




48 


8. Convert 42’’ Tahrenhelt to Its equivalent centigrade teo^Jerature. 


9. Convert 16* centigrade to its equivalent Fahrenheit temperature. 


10. Match each tern, in colunn A ulth Its definition in column B. 

A B 


(1) Conduction. 

(2) Convection. 
(5) Radiation. 


a. Transfer of heat by electron flew. 

b. Transfer of heat by the motion of a 
fluid. 

0. Transfer of beat from molecule to 
molecule. 

d. Transfer of heat by electromagnetic 

waves. 

e. Transfer of beat by mechanical 
motion. 


Selact the definition of heat capacity. 



a. The heat capacity of a material la the quantity of heat that is 
needed to raiaa the temperature of one gram of the material one 
degree. 

b. The heat capacity of a material is the maximtan amount of heat 
that the material can contain. 

c. The heat capacity of a material is the quantity of heat thf^t is 
needed to raise its temperature one degree. 

d. The heat capacity of a material la the maximum amount of heat 
that a material can contain without changing its temperature. 


Define specific heat. 


Solve for the quantity of heat necessary to raise the temperature of 
10 pounds of water two Fahrenheit degrees. 
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l4. Define coefficient of linear expansion. 


15. Select the definition of coefficient of voltase ex3?anBlon. 

a. Coefficient of volume expansion is the change in unit length 
of a solid whan its temperature is changed one degree. 

b. Coefficient of volume expansion is the ohange in a unit volume 
per degree of change in temperature. 

c. Coefficient of volume expansion is the change in unit length 
per unit volume of a solid and is independtbt of changes in 
temperature. 

d. Coefficient of volume expansion is the total change in the 
volume of a material over the average temperature range. 


l6. On the block diagram belcsr, label the changes of state. 
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17 • Select the definition of e<iuilibriu3n vapor preaaure. 

a. Equilibrium vapor preasure is the pressure exerted by vapor 
molecules of a substance vhen evaporation and condensation 
rates are equal. 

b. Equilibrium vapor pressure Is the total pressure exerted upon 
the surface of a substance when its rate of condensation equeils 
its rate of evaporation. 

c. Equilibrium vapor pressure is the algebraic sum of the atmos- 
pheric pressure and evaporation pressure. 

d. Equilibrium vapor pressure is the total pressure exerted upon 
the surface of a substance when its rate of sublimation and its 
rate of crystallisation are equal. 
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ATBWERS TO REVIEW TEST 


AB-2-2-15— Heat 

1. Thermal energy in the procesB of tranafer between an object and Its 
surroundings as a result of temperature change. 

2. a. 

3 . Sun. 

Earth's Interior. 

Chemical action. 

Mechanical energy. 

Electric energy. 

Nuclear energy. 


4 . (1) b. 

(2) c. 

( 3 ) a- 


5 . 

a. 

212* F. 


b. 

32* F. 


c. 

0 

0 

1 

6. 

a. 

100“ c. 


b. 

0“ c. 


c . 

-273“ c. 

7 - 

a. 

373 “ K. 


b. 

273“ K. 


c. 

0 

0 

8 . 

5.5 

“ c. 

9 - 

59“ 

F. 

10 . 


'C. 


2 

b. 


(3) 

d. 


11. c. 

12. The heat capacity of a material per unit mass. 

15* 20 BitaU* 

lit. Tb» oh»n*. IB th. unit l.ngth of » .oU4 «h.B It. t«ni«r«ur. 1. 
changed one degree. 
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15. b. 

16. a. Evaporation 

b. Condensation 

c. Sublimation 

d. Crystallization 

e. Solidification 

f. Fusion 

17. a. 
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